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ABSTRACT

Perceptual, cognitive and motor deficits cause many older
adults to have difficulty conducting pointing tasks on
computers. Many strategies have been discussed in the HCI
community to aid older adults and others in pointing tasks.
We present a different approach in PointAssist, software that
aids in pointing tasks by analyzing the characteristics of sub-
movements, detecting when users have difficulty pointing,
and triggering a precision mode that slows the speed of the
cursor in those cases. PointAssist is designed to help
maintain pointing skills, runs as a background process
working with existing software, is not vulnerable to clusters
of targets or targets in the way, and does not modify the
visual appearance or the feel of user interfaces. There is
evidence from a prior study that PointAssist helps young
children conduct pointing tasks. In this paper, we present a
study evaluating PointAssist with twenty older adults (ages
66-88). The study participants benefited from greater
accuracy when using PointAssist, when compared to using
the “enhance pointer precision” option in Windows XP. In
addition, we provide evidence of correlations between
neuropsychological measures, pointing performance, and
PointAssist detecting pointing difficulty.
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INTRODUCTION

Declines in muscle responses [42], as well as in cognitive
and perceptual abilities result in many older adults having
greater difficulty than younger adults with motor tasks. When
compared to younger adults, older adults complete motor
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tasks with lower speed, accuracy, and consistency of
movements [1, 9, 47, 48, 52, 57]. These differences are
greater in complex tasks [43]. They have also been
documented when older adults use computer input devices
[e.g., 8, 21, 48, 28, 56]. When it comes to pointing tasks,
older adults use shorter primary sub-movements and more
corrective sub-movements than younger adults [16, 29, 35,
44].

Many approaches have been proposed to ease pointing tasks
on computers, although few have been directed at older
adults. Most of these approaches require information on the
location of targets. In addition, they often have issues with
clusters of targets and targets in the way. Many change the
look and feel of applications, and may not be appropriate for
use with a population that often has inaccurate sub-
movements. When it comes to their application to older
adults, the other problem is that none of the approaches
proposed so far have the goal of slowing the decline in motor
skills that older adults face.

PointAssist uses a different approach from those proposed in
the past by using an analysis of the characteristics of sub-
movements to detect when users are having difficulty
pointing. When difficulty is detected, PointAssist triggers a
precision mode that slows the speed of the system cursor.
PointAssist was originally designed for young children who
are novice users of indirect pointing devices. An earlier study
provides evidence that it can help four year olds conduct
pointing tasks with greater accuracy [20].

In this paper, we present an evaluation of PointAssist with
older adults. The results suggest that PointAssist may enable
older adults to be more accurate when completing pointing
tasks when compared to using Windows XP’s “enhance
pointer precision” option. We also take advantage of the fact
that the participants in this study had taken a battery of
neuropsychological tests and report on correlations between
performance on those measures, their pointing performance
in this study, and PointAssist’s pointing difficulty detection
algorithm.

RELATED RESEARCH

The simplest solution to pointing problems concerning
difficulty pointing when near the target is to make targets
larger. Larger targets may not always be feasible though as
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they can get in the way of valuable authoring and content
space. Also, this solution will not work with existing
applications that have targets that are too small for a
particular user. Gajos et al. [e.g. 14, 15] have sought to
address this issue by automatically generating user interfaces
that can be adapted based either on user preferences or
abilities. One of the most common adaptations is to make
targets larger. Some limitations of approaches that change
the visual design of user interfaces to adapt to a particular
user have to do with learning (e.g. how do you write a
tutorial if everyone has a different user interface),
collaboration (e.g. how do we work together if your software
looks different from mine), sharing, and the fact they do not
apply to existing applications that do not use one of these
approaches to generate user interfaces. In spite of these
limitations, these approaches may be useful for defining user
interfaces for applications of special interest to people with
motor impairments, and simple applications that are easy to
learn. In addition, the idea of modeling users to better serve
them, also suggested by Keates et al. [27], is very promising.

Another way to facilitate pointing is to adjust control-display
ratios [e.g., 7, 46, 32, 56, 36], slowing the speed of the
cursor to enable users to point more accurately. Sticky icons
reduce cursor speed when users are on a target [56], but
require a certain low speed over an icon in order to trigger a
slowing of the cursor. This, in turn, requires knowledge of
where targets are located. This approach though can enable
people to be more accurate without noticing the help they are
getting [36]. Wobbrock et al.’s AngleMouse provides an
alternative that is closest to PointAssist in slowing the speed
of the cursor based on the direction of motion [55]. Operating
systems such as Windows also include options to enhance
pointer precision by slowing the speed of the cursor when it
goes under particular speeds, regardless of whether there are
targets nearby.

Some researchers have proposed expanding targets by
predicting where users are trying to point [e.g., 34, 37, 58].
Hwang et al. [25] proposed a similar approach by enabling
users to click on proxy targets closer to the user. Any of these
algorithms will not work as well if the user’s initial sub-
movement towards the target is not as accurate, as has been
documented with older adults [16, 29, 35, 44].

Area cursors expand the active area of the cursor by a set
amount [56]. Bubble cursors and similar approaches expand
the active area of the cursor dynamically [e.g., 17, 10].
Semantic pointing makes targets look smaller than their
active area [3, 18]. Others have looked at using force fields to
help users point at some targets and stay away from others
[e.g., 1,29, 51]. Force fields can cause problems if there are
targets in the way of a pointing task. In addition, none of the
approaches listed in the last two paragraphs are likely to be of
much help if targets are next to each other (e.g., in a palette,
stacked toolbars, characters in a word processing document).

A slight variation in helping to point is helping to click, with
Trewin et al.’s [50] steady clicks idea making the cursor stick
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to a location after the mouse button is pressed and allowing it
to move again after it is released or after the user attempts to
move the cursor a significant distance away (100 pixels).
While this approach can provide some help in pointing, it
makes it difficult to complete dragging operations (e.g.,
resizing windows, adjusting volume) and to move away from
a target if users press the mouse button in the wrong location.

One thing in common among all the assistive technologies
based on software that are currently available is that they aim
to help all the time. They do not challenge users to try harder
before providing help. This may not aid in slowing the
decline of older adults’ pointing abilities.

Another thing in common among most of the technologies
discussed above is that they require knowledge of the
location of targets. This has many practical limitations as
discussed by Wobbrock et al. [55]. In addition, most include
other limitations, such as not working well if there are targets
in the way of a pointing task, if targets are in clusters, or if
space to author or see content is a high priority.

What has been missing is a familiar, intuitive approach that
can be easily made available to older adults and help them
slow the decline of their motor skills. Familiarity and
intuitiveness can be achieved by keeping the user interface
and the basic interactions looking and feeling the same way.
Cost, ease of setting up the technology, compatibility with
existing software, and the ability to share a computer with
others are key factors in terms of availability. Helping users
only after they make an effort to point could help them
maintain their motor skills.

PointAssist’s approach has all the desired attributes [20]. It
assists in pointing tasks while keeping the interactions
looking and feeling the same way. It works with all existing
applications. It is a freely available software-based
technology. It also makes it very easy to share a computer
with others because it does not intervene if users do not have
difficulty pointing. We hypothesize that it may also help
older adults maintain pointing skills because it does not help
all the time; instead asking older adults to make an effort at
pointing before providing help. Continued practice without
assistance for the purpose of maintaining motor skills has
proved successful, for example, for older pianists and for
people with Parkinson’s disease [e.g., 33, 41].

POINTASSIST

Inspiration

PointAssist was inspired by investigating the difficulty young
children have in completing pointing tasks as documented by
Hourcade et al. [22]. Something that stood out in the results
of that study was the high amount of activity near the targets
by young children. An analysis of the characteristics of sub-
movements near targets found that younger participants made
more, less accurate sub-movements. In addition, these sub-
movements near targets were different from others. More
specifically, an analysis in [19] suggested that consecutive
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short, slow sub-movements are a good predictor for children
reentering the target and clicking inaccurately.

Implementation

PointAssist uses an analysis of sub-movements based on the
data on sub-movements from Hourcade [19] that identifies
when children have difficulty pointing. When difficulty is
detected, PointAssist triggers a precision mode that slows the
speed of the cursor by half. PointAssist exits the precision
mode when difficulty ceases to be detected. Below, we
describe the specifications of PointAssist for the version used
in this study with older adults and also by Hourcade et al.
with four year olds [20].

PointAssist parses sub-movements in the same way it was
done in [19]. We adapted a widely used algorithm from
Meyer et al. [38], which has also been adapted by others
[e.g., 24, 30, 31]. It identifies the potential beginnings of sub-
movements by looking for one or more of the following: a
change in direction, a change in acceleration from negative to
positive, or a relative minimum in absolute acceleration
values while the acceleration is negative. In the study
software, direction is defined by classifying the motion
between two mouse events as falling into one of four
quadrants: right (315° to 45°), left (135° to 225°), up (45° to
135°) or down (225° to 315°) (0° points straight to the right
with angles increasing in value counter-clockwise). A change
of direction is triggered when two consecutive mouse
motions fall into different quadrants. To be considered a sub-
movement each potential sub-movement has to cover a
minimum of 4 pixels, last at least 50 milliseconds, and
achieve a speed of at least 0.02 pixels per millisecond. These
requirements have to be met before the beginning of another
potential sub-movement is identified. To reduce noise in the
raw data from the mouse, PointAssist processes mouse
events every 45 milliseconds, which eliminates noisy speed,
acceleration and directions, similar to those reported by
Mithal and Douglas [39].

PointAssist identifies difficulty by following the heuristics
presented in [19], triggering a precision mode if it identifies
consecutive slow, short sub-movements with a top speed
below 0.08 pixels per millisecond, and a length below 24
pixels. The precision mode reduces the cursor speed set by
the operating system in half. In this study and in [20], it
reduces the speed from eight to four (eight corresponds to the
fifth tick from the left in Windows XP). Users exit precision
mode as soon as a sub-movement exceeds 24 pixels in
length.

The non-study version of PointAssist, which runs as a
Windows system tray application and has been freely
available since the spring of 2008 at pointassist.org, makes
some improvements over the study version by adjusting all
pixel based calculations based on the current operating
system cursor speed. It also sets the quadrants for calculating
changes in direction to be relative to the initial direction of
motion of a sub-movement.
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Evaluation with Children

In a study with 30 four-year-old children who conducted
pointing tasks with and without PointAssist [20], the children
had higher accuracy rates with PointAssist (p < 0.001). For
the smallest targets tested (16 pixels, the size of the buttons
used in Microsoft Windows to control scrollbars), children
had an accuracy rate of 92 percent when using PointAssist
and only 79 percent without PointAssist. In addition,
PointAssist helped reduce problems with slipping off the
target while clicking, with participants slipping off of the
smallest targets about twice as often when not using
PointAssist. In terms of efficiency, PointAssist enabled
children to complete tasks with the smallest targets more
quickly (p <0.05).

RESEARCH QUESTION

Given the success of PointAssist with children, and mentions
in the literature of the similarities between the challenges
older adults and children face in pointing tasks [28, 54], we
decided to conduct a study to evaluate PointAssist with older
adults. Our research question was whether PointAssist
provides any advantages to older adults when conducting
point-and-click tasks with a mouse when compared to using
Windows XP’s “enhance pointer precision” option.

STUDY SETUP

Participants

The participants were twenty older adults (age min=66,
q1=74, median=77, q3=80, max=88). Eleven were male and
nine female. Nineteen used their right hand to hold the
mouse, and one used the left hand. All had completed high
school, fourteen had completed college, and ten had a
graduate degree. They used a computer and a mouse for a
median of seven hours per week (min=0, ql=2, q3=20,
max=50), and had been using computers and mice for a
median of nine years (min=0, q1=6, q3=21, max=30). They
were recruited through their participation in studies
examining decision making across the life-span taking place
at our University’s Department of Neurology. This provided
the extra advantage of working with a set of older adults that
had already taken a battery of neuropsychological tests. All
participants were compensated.

Materials

We used three Dell desktop computers (Pentium 2.53-
3.00GHz) running Windows XP (SP3). We used Dell optical
mice (6.6cm wide, 12.1cm long, 3.6cm high) as input devices
and 177 (standard not widescreen) LCD monitors using a
1280 x 1024 pixel resolution. The cursor speed was set to 8
(eight corresponds to the fifth tick from the left in Windows
XP).

We used the same study software used for evaluating
PointAssist with children [20], changing only the sound
feedback to be adult friendly. This software closely mirrors
the study software used in [22] and [23]. The study software
presents participants with pointing tasks that involve moving
the mouse cursor from the middle of a green square towards
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a light blue target circle, and clicking on the light blue target
circle. The light blue target circles always appear to the right
of the square. We presented targets in only one direction
because we were not interested in researching the effects of
angles on pointing tasks. Tasks ended as soon as participants
clicked, regardless of whether the click was inside or outside
the target. More details on how tasks are presented in the
study software can be found in [22] and [20].

Procedure

We conducted the study in two dedicated rooms at our
University’s Department of Neurology between April and
August of 2009. Participants had taken part in
neuropsychological testing for about one hour, took a break,
and then used our study software. After providing
demographic information, they conducted nine practice tasks
with PointAssist turned off to ensure that they could
understand what to do. A researcher instructed them to
complete tasks as quickly and accurately as possible.

The study software presented target circles of three different
diameters: 8, 16 and 32 pixels. See Table 1 for equivalent
sizes in millimeters for size on the screen. The center of the
target circles appeared at one of three distances from the
starting position: 128, 256 and 512 pixels. The combination
of three target sizes and three distances yielded a total of nine
distinct tasks.

Screen Screen
(pixels) (mm)
8 2.1
16 4.2
32 8.4

Table 1. Size of targets on the screen in pixels and millimeters.

Participants completed a total of three blocks of tasks after
practicing, with each block consisting of two sub-blocks, one
completed with PointAssist turned on and the other with
PointAssist turned off. Participants were randomly assigned
to starting each block with PointAssist turned on or off (half
started with PointAssist on and half with PointAssist off).
The study software switched PointAssist on and off
automatically and the participants were not told that they
would be testing two modes of pointing. Each sub-block in
the study consisted of the nine distinct tasks for a total of 54
tasks in the study. The study software presented the nine
tasks in random order.

Design

The independent variables were: target size, distance to
target, block number, and PointAssist status (all within-
subjects). The dependent wvariables were: accuracy,
movement time, target reentry, and number of sub-
movements. Accuracy for each task was 100 if the participant
pressed and released the mouse button while inside the target,
0 otherwise. Movement time was measured starting when
participants moved the mouse cursor from the middle of the
green square and ending when they released the mouse
button as part of a click. Target reentry refers to the number
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of times participants entered the target (not counting the first
time). The number of sub-movements was based on
PointAssist’s parsing of sub-movements.

RESULTS

The study software logged every mouse event into a
Microsoft Access database. For the statistical analyses, we
exported data to SPSS 17.0. We used repeated measures
ANOVAs for normally distributed data and Friedman’s test
for the remaining data.

Accuracy

PointAssist had a statistically significant effect on click
accuracy (p=.033, phi=.5)). Eleven participants had higher
accuracy rates with PointAssist, six had the same accuracy
rate with and without PointAssist, and three did better
without PointAssist. The differences were more pronounced
for the tasks involving the smallest, eight pixel targets
(p=.021, phi=.7). For these, ten participants did better with
PointAssist, eight did equally well, and two did better
without PointAssist. See Figure 1 and Figure 2 for accuracy
distributions for all tasks and tasks involving eight pixel
targets. Figure 3 shows accuracy rates for all participants
when completing tasks involving eight pixel targets with and
without PointAssist. The figures illustrate the wide variability
in the performance of the participants.

Figure 3, for example, shows a contrast between the third
participant from the left (we shall refer to him as Joe), and
the fifth participant from the right (we shall refer to her as
Mary). Joe was 72 years old when he participated in the
study. He used computers an average of one hour a week,
and had been using computers for eight years. When clicking
on eight pixel targets, he was accurate 22 percent of the time
without PointAssist, and 89 percent of the time with
PointAssist. Mary was 74 years old at the time of the study.
She used computers an average of 20 hours a week and had
been using computers for 25 years. She consistently scored
higher than Joe on all the neuropsychological tests. In
addition, her accuracy was slightly higher without
PointAssist when clicking on eight pixel targets (100 vs. 78
percent) and overall (100 vs. 89 percent). Joe triggered
PointAssist’s precision mode twice as often as Mary. Figure
4 shows sample paths taken by Joe and Mary that illustrate
Joe’s lesser control of the mouse when compared to Mary.
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Figure 1. Click accuracy distribution when PointAssist was
turned on (left) and turned off (right) for all tasks.
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Figure 2. Click accuracy distribution when PointAssist was
turned on (left) and turned off (right) for 8 pixel target tasks.
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Figure 3. Click accuracy for all participants with and without
PointAssist for tasks involving 8 pixel targets.

- — 7 —

"P;_,:_—’_ e | ——

Figure 4. Paths taken by Joe (left) and Mary (right) to point at 8
pixel targets 256 pixels away with PointAssist turned on (paths
turn red when precision mode is on).

We also checked for statistically significant differences in
press and release accuracy, and did not find any. However,
we did find PointAssist had a statistically significant effect in
the absolute difference between press and release accuracy
(p<.01, phi=.65). See Figure 5 for a distribution of these
values.

In exploring press and release accuracy, we found that four
participants had greater accuracy when releasing the mouse
button than pressing it. Three of these four participants had
greater accuracy with PointAssist. In addition, ten of eleven
participants who had higher accuracy rates with PointAssist
also had different press and release accuracy rates. Six out of
seven who had the same accuracy rates when pressing and
releasing the mouse button did not have higher accuracy with
PointAssist. This suggests PointAssist benefited those who
have difficulty clicking, and move the mouse in doing so
before pressing the button, or between pressing and releasing
the button.
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Figure 5. Distribution for absolute difference between press and
release accuracy for all tasks when PointAssist was turned on
(left) and off (right).

Movement Time, Target Reentry and Sub-Movements

In contrast to the results obtained with children, PointAssist
did not provide statistically significant advantages to the
participants of this study in terms of movement time, target
reentry, or number of sub-movements.

Fitts’ Law Measures

We conducted a Fitts” law analysis of the study data. We
conducted a linear regression using both Fitts’ index of
difficulty and the effective index of difficulty [49]. We
obtained higher correlation coefficients when using Fitts’
index of difficulty, consistent with previous studies where
participants face tasks so difficult that spending extra time on
them does not result in higher accuracy [22, 23, 20]. Table 2
shows regression data based on Fitts’ index of difficulty.
Notice the higher correlation coefficient (R?) for tasks
conducted with PointAssist. We also compared throughput
using both Fitts’ and the effective index of difficulty and
found no statistically significant effects (throughput was
between 1.2-1.3 bits/sec in both calculations).

Regression Data by PointAssist status

PointAssist R’ a b
On 0.90 475 690
Off 0.70 1079 509

Table 2. Fitts’ law correlation coefficient and constants a and b
by PointAssist status using movement time (in milliseconds) and
Fitts’ index of difficulty in the linear regression.

False Positives

Whenever software tries to guess whether users have
difficulty, there is a possibility that false positives will occur.
We checked for false positives by counting the number of
tasks in which PointAssist triggered its precision mode more
than 64 pixels away from the center of the target. We found
54 such tasks, giving a false positive rate of 10 percent.
Participants were easily able to break out of precision mode
in these cases as soon as they moved more than 24 pixels in
their next sub-movement.

False Negatives
To find false negatives, we identified “difficult” tasks as
those where participants reentered the target. We found 149
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such tasks among the tasks conducted with PointAssist. Out
of these 149 tasks, there were only 4 cases in which
PointAssist did not trigger its precision mode within 64
pixels of the target and participants did not click accurately
on the target, yielding a false negative rate of 2.7 percent. If
we instead consider tasks where participants reentered the
target more than once, then there were no false negatives.

True Positives

We considered the same “difficult” tasks mentioned above to
identify true positives. Out of the 149 tasks where
participants reentered the target, PointAssist triggered its
precision mode within 64 pixels of the target in 81 tasks,
yielding a true positive rate of 54 percent. If we consider
only tasks where participants reentered the target more than
once, then the true positive rate goes up to 81 percent.

Figure 6. Paths taken by all participants to click on an 8 pixel

target at a distance of 256 pixels with PointAssist turned on.

Paths are black when precision mode is off and red when it is
on.

Figure 6 shows the paths taken by all participants to point at
an 8-pixel target at a distance of 256 pixels with PointAssist
turned on. The paths are black when precision mode is off
and red when it is turned on. Notice how precision mode was
triggered right on the target, even though PointAssist has no
information on target location.

Figure 7 provides specific examples of cases where
PointAssist triggered precision mode and participants
completed pointing tasks successfully. Note again how the
paths turn red as participants get close to the target. These
examples also give a sense of the sub-movement structure for
older adults as they complete pointing tasks, with primary
sub-movements that often fall short of the target, and
corrective sub-movements closer to the target.

Correlations with Neuropsychological Measures

We took advantage of the fact that most of the participants
had taken a battery of neuropsychological tests to check for
correlations (Spearman’s rho) between performance on those
measures and the data we collected in this study. These
measures were obtained within two months of the
PointAssist evaluation for 19 of the participants and within
six months for the remaining participant.
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e

Figure 7. Examples of true positives where PointAssist helped
complete pointing tasks successfully. Paths are in black when
precision mode is off and in red when precision mode is on.

We present statistically significant correlations with the
following measures in the tests:

e  Wechsler Abbreviated Scale of Intelligence (WASI)
(taken by 18 participants) [53]
o WASI-BD, block design test (a task of visuo-
constructional abilities)
o PIQ, performance (non-verbal) intelligence
quotient

e  Rey-Osterrieth Complex Figure Test (taken by 19) [13]

o RO-C, copy condition, consists of presenting a

complex figure, which the participant is

instructed to copy. The copy performance

measures both visual perception and visual
construction

e Rey Auditory-Verbal Learning Test (taken by 19), tests
verbal learning and memory [26]
o AVLT-S, total learning for trials 1 through 5

e Grooved Pegboard Test (taken by 13), tests fine motor
speed and dexterity [45]
o PEGS-R, PEGS-L, time to complete task with
right and left hand respectively
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o PEGS-RD, number of pegs dropped when
using right hand

e lowa Gambling Task [2, 11] (taken by 16), a real-world
decision-making task
o IGT, measure of impaired (IGT=0) or
unimpaired (IGT=1) decision makers

In addition, we also checked for participant-level statistically
significant correlations with the demographic data we
gathered and between our dependent variables (also using
Spearman’s rho). See Table 3 for results.

We would like to point out the many correlations we found
with the number of times precision mode was triggered. In
particular, positive correlations with movement time and
target reentry suggest precision mode was triggered for those
who needed the most help. In addition, correlations with
several of the neuropsychological tests suggest that
PointAssist’s difficulty detection algorithm taps into the same
underlying cognitive, perceptual and motor processes as the
standardized tests the participants took.

Many of the demographic measures we obtained were good
predictors for click accuracy, in particular years of
experience using a computer and a mouse. The strongest
predictor out of all our demographic measures was actually
the number of online purchases during the past year, which
had statistically significant correlations at the p<.01 level
with a strength above .5 with click accuracy, movement time,
target reentry and the number of times precision mode was
triggered. It may indicate a level of comfort with using
computers. Note that we did not find any statistically
significant correlations with age or education.

There were also strong correlations with many of the
neuropsychological measures. In particular, there were
correlations at the p<.01 level between RO-C and click
accuracy, target reentry and the number of times precision
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mode was triggered (all strengths above .5). WASI-BD also
had p<.01 level correlations with strengths above .5 with
click accuracy, movement time, and the number of times
precision mode was triggered. As stated previously, both of
these measures tap visuospatial processes, with a particular
emphasis on visual construction. The highest strength
correlations were with PEGS-RD, which makes sense given
that it tests fine motor speed and dexterity. In all cases, the
better the neuropsychological performance of the
participants, the better their performance in pointing tasks,
and the less likely they were to trigger precision mode.

While the links between cognitive processes and motor tasks
are no news for behavioral psychologists or neurologists,
they have rarely been cited in the HCI community, and this
study illustrates how important they are. We encourage HCI
researchers who work with older adults or people with motor
impairments to partner with behavioral scientists who have
well-characterized cohorts.

DISCUSSION

The study provides evidence that PointAssist can help some
older adults with pointing tasks by improving their accuracy,
which can make using a computer much more accessible and
less frustrating. The higher Fitts’ law correlations for tasks
conducted with PointAssist suggest it can help older adults
conduct tasks in a way similar to those who do not face great
pointing difficulty. We were also encouraged by the low false
positive and false negative rates and the high true positive
rates. The results are also a positive story in how an approach
that was originally developed for young children can also be
useful for another population. It is also remarkable that
PointAssist helped as it did even though it was optimized for
assisting young children. We expect that if we were to
optimize it based on the sub-movement characteristics of
older adults, we would obtain even better results.

Precision mode

Accuracy Movement time Target reentry triggered
Computer use 455 - -.459*
Computer experience .598** - -
Mouse use 524> - -
Mouse experience .598** - - -
Online purchases 574** -.672** -.679* - 712**
Accuracy - -.608** -
Movement time - - g1
Target reentry -.608** - - .529*
Precision triggered - 11 .529* -
AVLT-5 - -482¢ -
RO-C .651* - -.641** -.588**
WASI-BD .659** -.650** - -.593**
PIQ .526* - -
IGT - - -517*
PEGS-L - .588* -
PEGS-R -.610** - - .581*
PEGS-RD - .807** - .860**

Table 3. Statistically significant participant-level correlations (Spearman’s rho). * means p<.05, ** means p<.01
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PointAssist provides these positive results and at the same
time has other useful characteristics by being:

e Intuitive and familiar: maintains the look and feel of
applications

o Flexible: can run as a background process, thus
working with all existing applications; can be used in
conjunction with other strategies to ease pointing

e Easily available: freely available at pointassist.org;
does not get in the way of people who do not need help

Differences with Young Children

This study was conducted using a very similar setup to
studies conducted with young children [22, 23, 20]. The
first difference in results that stands out is that even though
children varied greatly in their performance, there was even
more variability among the older adults in this study. The
other thing we noticed is that young children seemed to try
harder to point at targets. This was noted, for example, in
higher target reentry rates and more sub-movements near
the target for children when pointing at smaller targets.
This was not the case with older adults, who seemed to put
a certain amount of effort into pointing and then click.

Limitations

The study was conducted in a laboratory setting, which
may reduce the environmental validity of the results. In
addition, the older adults who participated in the study were
a highly educated sample and may not be good
representatives of the overall population of older adults.

FUTURE WORK

In order to test our hypothesis that PointAssist can speed
children’s improvement in pointing skills and that it can
slow older adults’ decline in pointing skills, it is necessary
to conduct longitudinal studies. Ideally, these should
involve installing PointAssist in the computers that
participants use daily, to increase the environmental
validity of the results.

We are currently working with people with motor
impairments to learn how we can help them in pointing
tasks by analyzing their sub-movements. So far, we have
identified challenges we had not seen with children or older
adults, which have led us to experiment with new
approaches.

We also believe that there is a need for more research on
user modeling (similar to [14, 15]), with the goal of
automatically adjusting settings for whatever approach is
used to help users with pointing tasks. Ideally, this should
be accomplished without asking users to conduct a series of
training tasks, and settings should adjust as users’ pointing
performances change throughout the day. We expect an
analysis of sub-movement characteristics will prove very
useful in this endeavor.
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CONCLUSION

In this paper, we have introduced PointAssist to the CHI
community and presented the results of a study with older
adults whose participants had higher accuracy rates when
using PointAssist. The success of PointAssist with both
young children and older adults, together with its ease of
use, flexibility, and availability, suggest that analyzing sub-
movement characteristics in real-time may be a valuable
approach to provide help in pointing tasks.
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